Do verbal labels affect the direction of changes in memory for visually presented form stimuli ? The answer to this question differs depending upon whether a reproduction or a recognition memory task is employed to assess such changes. It has been shown that learning to associate verbal labels with form stimuli results in superior recognition memory performance (e.g., Ellis, 1968; Ellis & Daniel, 1971) and that, generally, reproduction memory is inferior to recognition memory for form (Rock & Englestein, 1959) . The differences between these two memory tasks, however, go beyond a simple comparison of the number of stimuli correctly remembered. Reproduction studies have reported rather consistently evidence for changes in the qualitative aspects of 5s' memory for form stimuli. Drawings of forms have been reported to err in the direction of a more familiar object suggested by a verbal label initially associated with the to-be-remembered form (e.g., Carmichael, Hogan, & 1 This paper was taken in part from a doctoral dissertation submitted in partial fulfillment of the requirements for the PhD degree in the Department of Psychology, University of New Mexico. The author wishes to thank Henry C. Ellis, dissertation director, and G. Robert Grice, member of committee, for their guidance and encouragement. This research was supported in part by National Science Foundation Grant, GB-3432. 2 Requests for reprints should be sent to Terry C. Daniel, now at the Department of Psychology, University of Arizona, Tucson, Arizona 85721. Walter, 1932) . Recognition studies, even those specifically designed to uncover similar changes (e.g., Prentice, 1954) , have characteristically failed to find evidence for such changes.
There are a number of problems involved in regarding this apparent inconsistency in the data as genuine. The reproduction method requires the collection of drawings made from memory by 5s. As has been previously pointed out (e.g., Riley, 1962) , it is virtually impossible to objectively assess the nature or extent of changes that may occur in such drawings. The recognition method requires that a set of stimuli be constructed to serve as alternatives to the target form in the memory test. Furthermore, in order to assess changes in memory, these alternatives must vary systematically along some as-yet undetermined dimension of shape. Problems associated with the construction of suitable sets of alternative forms are largely responsible for the failure of previous attempts to find clear evidence for verballabel induced changes in recognition memory for form.
In recent years, a number of advances in methodology have suggested a possible means of resolving the inconsistency in findings regarding the effects of verbal labels on memory for form. In particular, a procedure has recently been developed that provides a means of varying a form stimulus along a well-defined dimension of shape qua shape (Ellis & Feuge, 1966; Feuge & Ellis, 1969) . By extending this procedure it was possible to investigate memory for visual form under conditions which, while allowing for the observation of the qualitative changes reported in reproduction memory, at the same time made use of the objective response measures of a recognition task. In this instance, the method was applied to the investigation of the phenomenon of "assimilation" that was described by Gibson (1929) and elaborated upon by Carmichael et al. (1932) .
The experiment specifically tests the hypothesis that a representative verbal label, when associated with an ambiguous visual form stimulus, can affect the course of changes in recognition memory in a manner consistent with that typically found to occur in reproduction memory. Sets of form stimuli varying along a physically denned form continuum were constructed for use in the experiment. The forms were ordered on a directional continuum extending from a highly meaningful, familiar shape at one extreme to a low meaningful, unfamiliar shape at the other extreme. Changes in memory for the target form, the midpoint form on the continuum, were assessed in terms of 5s' tendency to accept other forms on the continuum as the target form.
Disproportionate acceptance of forms differing from the target form in the direction of the more meaningful endpoint, the referent object of the assigned verbal label, would be taken as evidence of a change in memory toward the form suggested by the label.
METHOD
Stimuli.-Simple drawings of common objectsdog, duck, camel, and cat-were selected from a number of children's coloring books. These drawings were selected so as to be of the same general size and area. All of the drawings were transformed by a procedure suggested by Attneave (1954) of fitting the curvilinear drawing with a straight-line polygon. In this manner the drawings were made to conform to solid, straight-lined figures of 24 sides.
The resulting forms (object stimuli) were systematically varied according to general rules suggested by Ellis and Feuge (1966 24 points, the point in each case serving as the origin. For each point on the circumference of the object stimulus a direction of distortion was chosen at random from among the four alternatives; vertical positive and negative (up-down) and horizontal positive and negative (left-right).
The first variation (V-l) was constructed by moving each of the 24 points iV in, (.127 cm.) in the assigned direction and connecting the resulting new set of points in their original order (i.e., Point 1 to Point 2, 2 to 3, etc.) to form a new 24-sided solid figure. The second variation (V-2) was determined by moving the points on the object stimulus again, in the same direction, a distance of •& in.
(.254 cm.). This procedure was followed for the third variation, fourth, etc., until 11 such variations were obtained. The only restriction imposed on the otherwise random assignment of a direction of distortion to each point was that change thus introduced did not destroy the integrity of the figure. In some cases, for example, a change of i& in.
(1.397 cm.) or less in a particular direction for a point might result in cutting the shape into two or more parts. When such an event occurred a new direction was sampled from the three remaining possibilities for that point. This process was continued until an acceptable series of variations was obtained. The four object stimuli and their respective variation sets are presented in Fig. 1 .
The series of forms resulting from the variation of an object stimulus represents a continuum of forms spaced at equal intervals along a physically defined shape continuum. Direction along the continuum is defined in terms of the location of the object stimulus or the origin, from which the variations were constructed. Thus, V-6, the training stimulus, is equidistant from V-l on one end and from the last variation; V-ll, on the other.
Apparatus.-All of the forms were photographed and mounted as 35-mm. transparent slides. The stimuli were projected onto a rear-projection screen approximately 20 X 28 cm. by a Kodak Carousel slide projector. The size of the projected image was identical to that of the original figures and thus the extent of variation, e.g., V-l to V-2, was held constant at TIT in. (.127 cm,) durations were controlled by a series of Hunter timers and relays. Subjects,-A total of 72 5s were employed in the study. The 5s were all college students fulfilling a research participation requirement for an introductory psychology class at the University of New Mexico. They were assigned at random in groups of three to the four experimental conditions.
Experimental design.-The experiment consisted of four independent groups. The 5s were tested for memory either immediately after exposure to the training stimulus, or after a delay of 5 tnin., 20 min., or 2 days. Within-5 variables were direction (toward vs. away from the object stimulus) and distance (ys, sty, -fs, TS, and TIT in.) from the training stimulus (V-6). These variables were arranged factorially into a 4 X 2 X 5 analysis of variance design.
Procedure.-The experiment was conducted in two stages. In the first stage (pretraining) 5s, run in groups of up to three at a time, were exposed to only one form and were instructed that a recognition memory test would follow immediately or after some period of time. Stage 2 of the experiment was a single-stimulus recognition memory test. A detailed description of the procedure follows.
Pretraining.-The 5s were seated approximately 2 m. from and facing a rear-projection screen. They were instructed that they would be given a brief period of time in which to inspect a form stimulus projected onto the screen and that their task was to remember that form. Complete instructions for the recognition test were given prior to the exposure of the form. The particular object stimulus set (DUCK, DOG, CAMEL, or CAT) presented for any three 5s was selected at random from among the four sets that had been constructed. After 5s had been instructed as to the nature of the task, they were told (hat the form they were to see "resembled a ," and the form stimulus was exposed for 4.0 sec. In every case, the exposed form was V-6 from the object set selected and the verbal label given was that which was appropriate to the object stimulus of the set (e.g., DUCK).
Recognition test.-The criterion task employed was a single-stimulus recognition test. The test stimuli, consisting of the training form, V-6, and each of the 10 remaining variations from the appropriate object stimulus set were presented 1 at a time in a random order for 4.0 sec. separated by a S.O-sec. response interval. In accord with a procedure described by Egan (19S8) , 5s were required to respond to each form by marking one category of a 6-point scale extending from Positive Yes to Positive No. All 5s had been given a test sheet with the printed response scale prior to pretraining and had been instructed to use it to reflect their degree of belief that a test form was or was not exactly like the form they had been asked to remember.
The test sheet consisted of four pages of identical printed response scales numbered from 1 to 36. The 5s were not told how many forms would be presented in the test nor how many actual targets (forms identical to the one they were asked to remember) would be presented. Each of the 11 forms from the appropriate object stimulus set was presented once in the test sequence. The order of stimulus presentation in the recognition test was randomized between subgroups of three 5s in each delay condition. The only exception to complete randomization of test stimulus order was that no form appeared more than once in the first position at any delay interval.
RESULTS
Rating responses.-For purposes of analysis a numerical value was assigned to each of the degree-of-belief categories. A value of 1 was assigned to the Positive No category, 2 to the Probably No category, etc., with the category Positive Yes being assigned a value of 6. Mean rating responses for each test form at each level of delay are presented graphically in Fig. 2 . Although the means for V-6, the training form, are represented it should be noted that only the mean ratings for the new variation forms were included in the analysis. No statistical analysis of the small differences in ratings of V-6 from one delay condition to another was made. The range was from 4.06 at the immediate test to 3.67 after the 2-day delay.
A Delay X Direction X Distance analysis of variance was made of the rating data. Consistent with previous studies of recognition memory for form (e.g., Ellis & Daniel, 1971) , the main effect of delay did not reach significance, F (3, 68) = 1.00, p > .05. Main effects of both direction and distance of variation reached significance with F (1, 68) = 6.32, p < .05, and F (4, 272) = 40.77, p < .01, respectively.
Of the two-way interactions, only the Delay X Distance interaction reached significance, F (12, 272) = 1.86, p < .05.
With regard to the hypotheses discussed in the introduction of this article, the most interesting result of the analysis is represented by the three-way Delay X Direction X Distance interaction. This interaction proved significant, F (12, 272) = 2.01, p < .05, and the nature of this effect is evident in the graphs of mean rating responses presented in Fig. 2 . Inspection of the four histograms reveals that while the overall ratings of new variations did not change as a result of the introduction of delay, the distribution of these responses was altered. There was a clear tendency for 5s tested immediately after presentation of the training form to give higher ratings to variations that differed from the correct form in a direction away from the object stimulus. In effect, they exhibited a greater preference for forms more distorted from the object stimulus than was the training form they were asked to remember. This tendency was completely reversed by the 2-day delay condition. When 5s were tested 2 days after presentation of the training form (V-6), they tended to give relatively higher ratings to forms that varied from the training form in the direction of the object stimulus. The preference, then, shifted to forms that were more like the object stimulus.
The 5-min. and 20-min. delay conditions showed an intermediate level of the shift in rating response distribution that was most apparent in the 2-day delay condition.
Signal detection analysis.-The methodology of the "theory of signal detectability" (TSD) has frequently been applied in investigations of recognition memory in recent years. This methodology has been especially useful in single-stimulus recognition tests such as the one employed in this experiment since such tests are quite prone to be affected by response-bias factors. While the observed pattern of shifting rating response gradients is unlikely to have resulted from bias effects alone, the partitioning of sensitivity and bias effects afforded by the TSD analysis could provide additional insight into the origin of the memory shifts.
It was necessary in the present experiment to extend the TSD procedures beyond the typical two-stimulus case, i.e., "old" (correct) and "new" (incorrect). In the present experiment there were in fact 10 qualitatively different new stimuli in the test and it was desirable to distinguish among them in the analysis. Basically this was accomplished by considering each new form (variation) separately with the old training form. Otherwise, the procedure followed for the computation of "hit rates" (HRs) and "false-alarm rates" (FARs) exactly paralleled that described by Hake and Rodwan (1966) .
Distance parameters, d', ds,anddm (mean distance of the receiver operating characteristic from the major diagonal) were computed directly from the rating data by a procedure described by G. R. Grice in an unpublished laboratory note.
3 Table 1 presents the distance values computed for each variation in the test at each level of delay. No statistical analysis of differences in these parameters was made, as the sensitivity indices quite clearly reflected the shift in mean ratings depicted in Fig. 2 . The effect of 2 days of delay was, in general, to increase FARs for variations toward the object stimulus while decreasing FARs for variations away from the object stimulus. Since the HRs in each case were essentially the same, the result was a shift over delay in the magnitude of the distance metrics. Generally there was a decrease in sensitivity to variations toward the object stimulus and an increase for those away from the object stimulus.
DISCUSSION
The most striking feature of the preceding experiment was the observed effect of temporal delay upon gradients of recognition memory for form. As a result of the presentation of a verbal label and the introduction of delays of up to 2 days, the distribution of rating responses showed a pronounced shift toward a more meaningful form, in this case represented by the object-stimulus referent of the verbal label. This observed shift in the distribution of false recognitions occurred even though the overall level of performance, measured, either in terms of responses to the correct form or of the overall level of responses to incorrect forms, was unchanged. These data are consistent with findings that have characteristically been confined to reproduction memory studies (e.g., Carmichael et al., 1932) . While these results principally point to the role of verbal labels in memory for form stimuli, it should be noted that the introduction of the label very likely influenced 5s' initial encoding of the form as well. Even without the explicit presentation of the verbal label, there is ample evidence (e.g., Ellis & Homan, 1968 ) that 5s would have provided their own labels to the form stimuli, labels which would no doubt have been very similar to those provided by E. The focus of the present experiment was, however, upon the effect of the label on the storage stage of memory for the form with the influence of both encoding and retrieval factors minimized. Thus the observed shifts in recognition memory gradients provide evidence of changes taking place during the storage stage of memory, particularly during what is generally termed long-term memory.
Somewhat contrary to these findings, other recent investigations (Daniel & Ellis, 1972; Ellis & Daniel, 1971 ) have tended to emphasize the stability of long-term recognition memory for form stimuli. There are, however, several important differences in the procedures employed in these previous studies and that used iff the current one. Both of the earlier experiments made use of a multiplechoice type of recognition test requiring 5s to select the originally learned shape from a set of distractors; the principal focus being on 5s' ability to select the correct form. The present study employed a single-stimulus test that required 5s to judge independently whether each shape was or was not the target form. This procedure allowed for assessment of 5s' tendency to accept specific forms, primarily centering upon 5s' tendency to accept incorrect forms. More important, the experiments differ with regard to the nature of the distractors used in the recognition test. Both of the previous studies used random variations of the target forms as distractors. The experiment reported here used distractors which varied systematically from the target form, specifically in terms of their similarity to the referent object of the assigned verbal label.
If the results of the Daniel and Ellis (1972) and Ellis and Daniel (1971) experiments are considered along with the findings of the present study, several conclusions may be drawn about the course of recognition memory for form. First, all three experiments indicate that recognition memory, measured in terms of 5s' tendency to select the target form, is quite stable over a rather extensive range of retention intervals. Analysis of the pattern of responses to incorrect forms, provided by the present experiment, revealed that important changes in memory are nonetheless occurring during the retention interval. These changes may be interpreted as shifts in the memory strength of forms similar to the target form. Specifically, alternative forms which differ from the target in the direction of being more similar to a form suggested by the verbal label associated with that target tend to gain in strength, while forms varying away from the form referred to by the label tend to lose in strength. The two previous studies could not have detected such changes as the use of random variations would make it highly unlikely that an alternative form would fit the assigned label better than the original form.
